microRNAs and fibrosis
The discovery of microRNAs (miRNAs or miRs)-small non-coding single-stranded RNAs that serve as key post-transcriptional regulators and that have been implicated in the pathogenesis of several cardiovascular diseases 3 -has added another layer of complexity to our understanding of the pathogenesis of myocardial fibrosis.
Among the most studied miRNAs directly involved in cardiac fibrosis are the miR-29 and the miR-21 families. Myocardial infarction has been found to be associated with down-regulation of miR-29a expression in cardiac fibroblasts, via the action of TGF-b. 4 The miR-29 family, and in particular miR-29s, directly targets the mRNA of different types of collagens and ECM proteins, and has a strong antifibrotic effect in heart, kidney, and lung. 5 miR-29b was shown through proteomics to target a large number of proteins involved in fibrosis. 6 Moreover, miR-29a has been proposed as a circulating biomarker of fibrosis in hypertrophic cardiomyopathy, 7 and
plays an important role in inflammatory and immune cells. 8 Strong evidence has also been obtained for miR-21 in cardiac fibrosis: it has been shown to promote fibroblast survival, growth factor secretion, and synthesis of collagens through regulation of the extracellular signal-regulated kinase-mitogen-activated protein kinase (ERK-MAPK) signalling pathway, via the inhibition of sprouty homologue 1.
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In myocardial infarction, miR-21 activates the TGF-b/Smad pathway via suppression of TGF-b receptor III in the ischaemic area, producing an enhanced production of collagen, up-regulation of a-SMA expression, and facilitation of fibroblast differentiation into pathological myofibroblasts. 10 miR-21 also promotes the progression of fibrosis upon ischaemia-reperfusion injury, regulating MMP-2 expression in fibroblasts of the infarct zone via inhibition of phosphatase and tensin homologue (PTEN), a direct target of miR-21. 11 In addition, up-regulation of miR-21 by TGF-b has been shown to promote cardiac fibrosis by stimulating EndMT of endothelial cells. 12 Another two miRNAs, miR-133 and miR-30, have also been found to be involved in fibrosis, directly down-regulating CTGF (connective tissue growth factor), a key profibrotic protein, and controlling structural changes in the ECM of human and mouse myocardium, 13 whereas miR-133 was reported to regulate collagen 1A1expression in an angiotensin II (Ang II)-dependent model of cardiac hypertrophy. 14 Thus, the role of miRNAs, and in particular of miR-21, in cardiac fibrosis is being increasingly unravelled.
Osteopontin and cardiac fibrosis
In this issue, the article by Lorenzen et al. 15 provides interesting and novel insight into the pivotal link between miR-21 induction, cardiac
The opinions expressed in this article are not necessarily those of the Editors of the European Heart Journal or of the European Society of Cardiology. † doi:10.1093/eurheartj/ehv109. fibrosis, and dysregulated osteopontin (OPN) expression. In cardiac fibrosis induced by Ang II, OPN-a pleiotropic cytokine-was found to be essential in activating transcription factor activator protein-1 (AP-1), which subsequently induced miR-21 transcription in stimulated fibroblasts. In this setting, OPN activated ERK -MAPK as well as phosphoinositide 3-kinase -AKT signalling pathways. miR-21 reduced expression of the proapoptotic tumour suppressor gene PTEN, enhancing fibroblast survival, as well as of SMAD7, a component of the TGF-b1 signalling cascade, thereby promoting the fibrotic process. Finally, the authors demonstrate that silencing miR-21 in vivo, by targeting it with a locked nucleic acid (LNA), prevented the development of Ang II-induced cardiac fibrosis (Figure 1 ). This last finding is particularly important. It is well established that myocardial miRNA expression can be blocked with the use of antisense RNAs. 16 The development of anti-miRNA therapeutics aimed at arresting fibrosis at onset or during progression is of significant interest: miR-21, which is both dysregulated and pathogenetic in myocardial remodelling, seems to be target number one for such an approach. On this point, an initial study by Ji et al. showed that inhibition of miR-21 expression via antisense oligonucleotide-mediated miRNA depletion significantly decreased neointima formation after angioplasty; this occurred via PTEN and Bcl-2, which are involved in miR-21-mediated cell proliferation and apoptosis. 17 Thum et al. then demonstrated that silencing of miR-21 in vivo with the use of a specific cholesterol-conjugated anti-miRNA (or antagomir) could inhibit interstitial fibrosis and reduce cardiac dysfunction in a mouse model of pressure overload-induced heart disease. 9 More recently, anti-miR-21 oligonucleotides were demonstrated to blunt chronic kidney disease in a murine model of Alport nephropathy, improving survival and reducing histological endpoints; in fact, inhibition of miR-21 protected glomerular and interstitial cells against TGF-b-induced fibrogenesis and inflammation. 18 In contrast to the above, a study by Patrick et al. found that intravenous delivery of a short LNA-modified anti-miR-21 oligonucleotide failed to block the remodelling response of the heart to a variety of cardiac stresses. 19 The factors involved in producing these conflicting results-such as the experimental protocol utilized or the performance of the LNA-based approach vs. the use of antagomirs-may be speculated upon, but we are still simply too far from complete comprehension of the multifactorial mechanisms underlying fibrosis. The novel insight provided by the current study of Lorenzen et al. moves us in the right direction. Nevertheless, further studies are needed to unravel these complex mechanisms. Editorial
